Background: Abnormal serum lipid levels have been shown to be associated with the occurrence of atherosclerosis, but little is known about the relationships of them with the risk of developing intervertebral disc degeneration (IVDD) in Chinese population. Methods: We performed a case-control study to assess the relationship between serum lipid levels and lumbar disc degeneration. A total of 790 Chinese patients were recruited for this study at the time of hospitalization. We examined fasting serum lipid levels of total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein cholesterol (HDL-C). 396 patients (235 men and 161 women; mean age: 41.07 years) underwent surgery for single-level lumbar disc herniation. A control group of 394 patients (225 men and 169 women; mean age: 42.1 years) underwent surgery for wounded lower limbs during the same period. Patients in the control group were collected randomly from among patients who were age-and sex-matched patients with the case group. Results: Patients with lumbar disc herniation had significantly higher TC and LDL-C serum concentrations (P < 0.001 for both) than controls. Percentage of High-TC, High-TG, High-LDL-C, borderline High-TC and borderline High-LDL-C were significantly higher in the disc herniation group (P = 0.017, P = 0.002, P = 0.039, P =0.002 and P < 0.001, respectively). Ratios of TC/HDL-C and LDL-C/HDL-C were significantly associated with disc herniation (P < 0.001 for both). Logistic regression revealed that patients with higher serum LDL-C levels had a higher risk of disc herniation, in which odds ratio (OR) was 1.462 and confidence interval (CI) was 1.179~1.813. Moreover, patients with High-TG and borderline High-LDL-C had a higher probability of disc herniation (OR: 2.974, CI: 1.488~5.945, statistical power: 100 %; OR: 1.626, CI: 1.012~2.612, statistical power: 61.4 %, respectively). However, hyperlipidaemia did not seem to be associated with the herniated segment of the lumbar intervertebral disc (p = 0.374).
Background
Low back pain (LBP) is a major public health problem that causes individual suffering and economic loss. Moreover, 70 to 85 % of people suffer from low back pain at some time during their lifetime [1] . Sciatica, which is characterized by low back pain with radiculopathy, is a common clinical symptom that affects approximately 40 % of the adult population at some time [2] , often has a lengthy course and causes long-term disability [3] . Lumbar disc herniation (LDH) is a major cause of low back pain and sciatica. Lumbar disc abnormalities are frequently found in asymptomatic individuals by magnetic resonance imaging [4] . However, only 4 % to 6 % of the population presents with symptomatic sciatica [2] . Though many scholars have investigated the aetiology and treatment of intervertebral disc degeneration (IVDD) [5] [6] [7] [8] , the underlying pathophysiologic mechanism remains unclear. Furthermore, abnormal serum lipid levels are well-known risk factors for the development of atherosclerosis [9, 10] . We therefore asked whether there was an association between serum lipid levels and IVDD.
In 2007, the Joint Committee for Developing Chinese Guidelines on Prevention and Treatment of Dyslipidemia in Adults reported that the incidence of ischemic heart disease due to atherosclerosis, such as cardiovascular diseases and ischemic stroke, increased from 1984 to 1999. Furthermore, a cohort study showed that elevated serum levels of TC or LDL-C were one of the independent risk factors for ischemic heart disease. The prevalence of dyslipidaemia in Chinese adults was 18.6 % for both genders in 2002, while rates of hypercholesterolaemia, hypertriglyceridemia and Low-HDL-C were 2.9, 11.9 and 7.4 %, respectively. Moreover, during the past few decades, the incidence of LBP has increased in China, resulting in a heightened interest in understanding its aetiology and developing effective therapeutic strategies.
To evaluate the relationship between serum lipid levels in Chinese patients and lumbar disc herniation, we undertook a cross-sectional group comparison case-control study of serum lipid levels obtained from patients with lumbar disc herniation, and compared them with a control group of patients with wounded lower limbs. In the present study, fasting serum TC, TG, LDL-C and HDL-C concentrations were measured by biochemical analyses. We further investigated the associations between incidences of dyslipidaemia, lipoprotein ratios and IVDD. We hypothesized that serum lipid levels were positively correlated with lumbar disc herniation.
Results

Patient population
Characteristics of the overall population are shown in TC and LDL-C, but not TG or HDL-C serum levels were elevated in patients with lumbar disc herniation
In the present study, serum was collected from all patients in vacutainer tubes, and biochemical analyses were performed to determine lipid levels. As shown in Table 2 , patients with lumbar disc herniation had significantly higher serum concentrations of TC 4.75 mmol/L (range, 2.03-10.27 mmol/L) (P < 0.001) and LDL-C 2.92 mmol/L (range, 0.68-8.33 mmol/L) (P < 0.001) compared with patients in the control group, TC 4.41 mmol/L (range, 1.69-7.35 mmol/L) and LDL-C 2.62 mmol/L (range, 0.53-4.99 mmol/L). However, there was no association between serum levels of TG or HDL-C and lumbar disc herniation between the two groups, suggesting that, in these cases, TG or HDL-C are not involved in the pathogenesis of disc herniation. Data are given as the means ± SD, and analysed with independent-sample t-tests
Incidence of dyslipidaemia was enhanced in patients with lumbar disc herniation
As indicated in Table 3 , in the disc herniation group, the incidence of High-TC, High-TG, High-LDL-C and Low-HDLC was 7.1, 17.4, 6.8 and 15.7 %, respectively, compared to an incidence of 3.3, 9.9, 3.6 and 16 %, respectively, in the control group. The incidence of High-TC, High-TG and High-LDL-C was significantly higher in the disc herniation group compared to the control group (P = 0.017, P = 0.002 and P = 0.039, respectively). Among the 396 patients with disc herniation, 89 (24.3 %) had borderline High-TC, 51 (15.6 %) had borderline High-TG and 82 (22.3 %) had borderline High-LDL-C compared to 59 (15.5 %), 45 (12.7 %) and 38 (10.1 %), respectively, among the 394 control patients. The incidence of borderline High-TC and borderline High-LDL-C was significantly higher in the disc herniation group compared to the control group (P = 0.002 and P < 0.001, respectively).
TC/HDL-C and LDL-C/HDL-C ratios were elevated in case group
In case group, the ratio of TC/HDL-C, TG/HDL-C and LDL-C/HDL-C was 3.71, 1.20 and 2.30, respectively, compared to a ratio of 3.43, 1.22, 2.06, respectively, in the control group. The ratios of TC/HDL-C and LDL-C/HDL-C were significantly higher in the disc herniation group compared to the control group (P < 0.001 for both) ( Fig. 1 ).
Hyperlipidaemia was negatively associated with the herniated segment of lumbar intervertebral disc
We analyzed the categorical data on patients with disc herniation to examine the relationships between hyperlipidaemia and herniated segment of lumbar disc in disc herniation group. We observed that, in hyperlipidaemia group (n = 130), the percentage of herniated segment of L1/2, L2/3, L3/4, L4/5 and L5/S1 was 0, 1.5, 3.1, 47.7 and 47.7, respectively, compared to a percentage of 0.4, 0.8, 1.1, 46.6 and 51.1, respectively, in the normal serum lipids group (n = 266). There was no significant difference in herniated segment between the two groups (p = 0.374) (Fig. 2) . The result suggested that hyperlipidaemia did not affect the herniated segment of the lumbar intervertebral disc. Multivariate logistic regression of multiple covariates and the risk of intervertebral disc degeneration
As shown in Table 4 , after adjusting for variables of serum lipid levels including TC, TG, HDL-C, and LDL-C (model 1), the odds ratio (OR) for having a disc herniation with an elevated LDL-C was 1.596 (CI, 1.327~1.921).
After adjusting for hyperlipidaemia variables including High-TC, High-TG, High-LDL-C and Low-LDL-C (model 2) and borderline High-TC, borderline High-TG and borderline High-LDL-C (model 3), the OR for having a disc herniation with High-TC, High-TG and borderline High-LDL-C were 2.045 (CI, 1.036~4.036), 1.843 (CI, 1.207~2.815), 2.447 (CI, 1.618~3.699) respectively. In model 4, the concentration ratio of LDL-C/HDL-C was significantly associated with disc herniation (OR, 1.578; CI, 1.293~1.925). However, the associations between High-TC, LDL-C/HDL-C ratio and the risk of disc herniation became insignificant after adjusting for the variables in model 5. Finally, LDL-C levels, High-TG and borderline High-LDL-C were significantly associated with disc herniation (model 5). These results suggested that patients with higher serum LDL-C levels had a higher risk of disc herniation (OR, 1.462; CI, 1.179~1.813). Moreover, patients with High-TG and borderline High-LDL-C had a higher probability of developing disc herniation 
Discussion
Intervertebral disc degeneration (IVDD) has been extensively studied [5] [6] [7] [8] , though the precise pathophysiologic mechanism underlying the disorder remains unclear. A synergistic effect involving many factors plays a role in the development of IVDD. These include abnormal mechanical loading [11, 12] , nutrition-related metabolic disorders [13, 14] , upregulation of matrix metalloproteinases (MMPs) [15, 16] and ADAMTS [17, 18] expression and activation of cytokines [19, 20] . Additional contributing factors are aging [21] , physical activity [22] , and heredity [23] . Previous reports have identified an association between dyslipidaemia and rotator cuff tears [24] or Achilles tendon ruptures [25] . Because these conditions share common features with intervertebral disc (IVD), such as a poor vascular supply, we were prompted to investigate whether there was a relationship between IVDD and abnormal serum lipid levels. We therefore designed a case-control study to determine the serum lipid levels in patients with lumbar disc herniation.
Recently, regional investigations have suggested a potential association between serum lipids and degenerative IVD disease or low back pain. A correlation between higher total cholesterol (TC), LDL cholesterol, triglycerides (TG) levels and sciatica in men has been identified in Finnish patients [3] . A large cohort study of male officebased civil servants in London found that after adjusting for multiple factors, triglycerides (TG) were associated with sick-day related absences due to back pain [26] . A follow-up study reported that high total cholesterol (TC) and triglycerides (TG) in a working population predicted the incidence of radiating low back pain [27] . High LDL cholesterol was also associated with disc degeneration in the elderly [28] . A case-control study concluded that patients with symptomatic herniated lumbar disc had higher triglyceride (TG) and total cholesterol (TC) serum concentrations [29] , though there was no information collected about LDL-C and HDL-C levels.
However, none of above studies on outcomes have evaluated the association of the borderline hyperlipidaemia and lipoprotein ratios with IVDD. In the current study, we analyzed the serum concentrations of TC, TG, LDH-C and LDL-C, incidences of dyslipidaemia (hyperlipidaemia and borderline hyperlipidaemia) and lipoprotein ratios in two groups. After adjusting for hyperlipidaemia variables (Table 4) , we found that adult patients (male and female) with lumbar disc herniation had higher LDL-C serum concentration and incidence of High-TG or borderline High-LDL-C compared to those without disc herniation, The mentioned three lipids are well accepted for the detrimental role in atherosclerosis, which may destruct the blood supply of IVD and lead to LDH, but there might be some other potential pathways which are required for further investiagation. On the basis of our observation, the key finding of this study was that LDL-C, High-TG and borderline High-LDL-C could be better predictors for the occurrence and development of IVDD than other parameters. Serum lipid levels may therefore represent a risk factor for IVDD pathology. The precise pathophysiologic mechanism underlying the connection between serum lipid levels and lumbar disc herniation remains unclear. Previous studies have suggested a potential association between lumbar disc degeneration and atherosclerosis. An autopsy of 86 men study concluded that atherosclerosis in the abdominal aorta and especially stenosis of the ostia of segmental arteries may play a potential role in lumbar disc degeneration [30] . In a 25-year follow-up study in Framingham, the authors reported that calcific atherosclerotic deposits in the posterior wall of the abdominal aorta increased the risk for the development of disc degeneration and were associated with back pain [31] .
In the current study, our results suggest that dyslipidaemia may be associated with a higher risk of developing lumbar disc herniation. Thus, there might be a link that connects serum lipid levels and LDH. One logical link between them is atherosclerosis, which could be responsible for a decreased in the blood supply to the corresponding lumbar segment and causes the malnutrition of IVD. The insufficient nutrient supply to IVD cells ultimately leads to IVDD disease [32] . Theoretically, the lumbar vertebral bodies are supplied by the branches of lumbar arteries, which originate from the lowest part of the abdominal aorta. However, the lowest part often shows the earliest lesions in the process of atherosclerosis. Thus, atheromatous plaques and calcification tend to form in or around ostia of the branches of lumbar arteries, resulting in stenosis or obliteration of the segmental lumbar arteries [31, 33] , which obstructs nutrient supply to a corresponding lumbar segment and leads to IVDD.
The IVD is a poorly vascularized whose primary nutritional supply is via blood capillary penetration of the vertebral bodies through to the endplate [34] . High serum cholesterol [35] and triglycerides [9, 10] levels are established risk factors for atherosclerosis. Furthermore, dyslipidaemia can also accelerate the atherosclerosis process and its morbid consequences [36] , which will destruct the vascular suppy to the already poor vascularized IVD.
Another potential pathogenetic mechanism underlying the link between serum lipid levels and LDH could be through inflammatory pathways. Previous studies reported that pro-inflammatory cytokine were associationed with serum lipid levels [37, 38] . Activation of cytokines plays a role in the development of disc degeneration [19, 20, 39] . Besides, it is possible that increased serum lipid levels enhance inflammatory response or basic level of systemic inflammation, resulting in disc degeneration [27] . Moreover, atherosclerosis as an inflammatory disease [40] is initiated by endothelial injury due to oxidative stress in the context of dyslipidaemia [41] . The relationship between dyslipidaemia, atherosclerosis, inflammation, and disc degeneration is depicted in Fig. 3 .
As is known, elevated levels of TC, TG or LDL-C and reduced HDL-C level are atherogenic lipid marker. An elevated level of LDL-C is a major risk factor for the development of atherosclerosis [42] . The management of cardiovascular disease has traditionally focused on reducing LDL-C or total lipid levels [43] , In this study, we found that LDL-C levels were significantly correlated with lumbar disc degeneration (LDH) and High-TG or borderline High-LDL-C predicted a higher incidence of LDH. This association opens the way for a new approach to reducing the risk of intervertebral disc degeneration (IVDD) disease by controlling serum lipid levels. Clinically, there are different medicines to reduce the abnormal serum lipids, such as statins and bile acid resins. Moreover, Scicchitano P et al. [44] reported that other interventions such as nutraceuticals and functional food ingredients may also play a role in promoting healthy control of dyslipidaemia.
The present case-control study is a retrospective design,and a limitation of this design is the cross-sectional nature, which cannot completely resolve issues concerning temporality [29] . While some retrospective information can be collected from medical records, retrospective study leaves causality undetermined. we cannot determine a direct causal relationship nor can we exclude other factors that may influence the process of IVDD. In the current study, we do not determine whether elevated Fig. 3 Relationships between dyslipidaemia, atherosclerosis, inflammation, and lumbar disc herniation. The potential pathogenetic mechanism underlining the connection between serum lipid levels and lumbar disc herniation might be through atherosclerosis and inflammatory pathways lipid levels directly give rise to LDH, or the elevation of lipids causes other disorders, which in turn lead to LDH. In order to prove cause and effect relationships and to find effective treatments for IVDD, a large longitudinal follow-up observations and intervention studies is needed [14] .
In the present study, we excluded patients with diabetes, coronary heart disease, cerebrovascular disease associated with dyslipidaemia and focused only on patients with a pure single-level lumbar disc herniation to maximally reduce the risk of bias in our results. Other strengths of our study include the systematic collection of blood samples (TC, TG, HDL-C and LDL-C) and a preoperative assessment by imaging studies or a surgical diagnosis of herniated disc. Moreover, we are not aware of any study detailing the incidence of hyperlipidaemia or borderline hyperlipidaemia and the lipoprotein ratios in patients with a single-level lumbar disc herniation in the general Chinese adult population.
This study has certain limitations. First, we have no data on the concentrations of Apo A1, ApoB and Lp(a) in our patients. More detailed analysis could further reveal the the relationship between lipoprotein abnormalities and lumbar disc degeneration. Second, we only compared the herniated segment of the lumbar disc in the groups of patients with hyperlipidaemia and normal serum lipids, but we did not evaluate the degree of herniation. These parameters will be investigated in follow-up studies. In addition, power calculation was performed in the samples, and resulted in a relatively low statistical power (61.4 %), which may be due to the small sample size in this study. In the following investigations, we will enlarge the sample size to illustrate the potential association between serum lipids and disc herniation.
Conclusions
In conclusion, the results of our study suggest that patients with higher LDL-C levels, High-TG and borderline High-LDL-C have a higher probability to developing IVDD. Serum lipid levels could be a useful predictor for IVDD in Chinese population. An enhanced understanding of this relationship may lead to new approaches for reducing the risk of IVDD.
Methods
Ethics statement
Ethical approval for this study was obtained from the Medical Ethics Committee of Shandong University and all participants provided written informed consent.
Selection of subjects
The study included 790 subjects who were operated on at our institution (Qilu Hospital, Shandong University).
Group 1 (disc herniation) included 396 patients (235 men and 161 women; mean age: 41.07 years, range 18-79) who underwent surgery for single-level lumbar disc herniation (LDH) from January 2013 to December 2014 ( Table 1 ). The levels of lumbar disc herniation were L1/2 in 1 patient, L2/3 in 4 patients, L3/4 in 7 patients, L4/5 in 186 patients, and L5/S1 in 198 patients.
Group 2 (control group) included 394 subjects (225 men and 169 women; mean age: 42.1 years, range 18-82) randomly selected from the patients who underwent surgery for wounded lower limbs in the same period [2, 45] , and had no evidence of low back pain. The control and case groups were matched for age and gender (Table 1) .
Inclusion and exclusion criteria
Inclusion criteria for patients in group 1 were: (1) symptoms: low back pain with unilateral or bilateral lower limb radicular pain; (2) special nerve root irritation signs: straight leg raising test and strengthen test or femoral stretch test depending on the level; (3) neurologic deficit: muscle weakness, numbness, or lack of the corresponding reflex (knee jerk or ankle reflex); (4) computed tomographic (CT) or/and magnetic resonance imaging (MRI) with signs of a herniated disc. Exclusion criteria were: (1) lumbar spinal stenosis, spondylolisthesis, multiple intervertebral disc herniations, spinal tumour, history of spinal trauma and intervertebral space infection; (2) previous surgery on the affected lumbar disc.
Inclusion criteria for patients in group 2 were evidence of: lower limb fracture, a meniscal tear and cruciate ligament rupture diagnosed on the basis of clinical evaluation and imaging results. Exclusion criteria were: (1) history of spinal disorders, trauma and low back pain; (2) primary osteoarthritis of the operated or contralateral joint; (3) previous surgery on the affected lower limbs.
The common exclusion criteria for patients in group 1 and 2 were: (1) diabetes, coronary heart disease, cerebrovascular disease; (2) inflammatory arthritis; (3) patients younger than 18 years age.
Collection of blood samples
Fasting blood samples were collected, and five millilitres of each fresh sample was centrifuged at 4,000 rpm for 6 min. Serum was extracted from the samples, and the concentrations of TC, TG, LDL-C and HDL-C were measured by an automatic biochemical analyser in an identical manner (Cobas 8000, Roche).
Hierarchical criteria of lipid levels
According to the 2007 Chinese Guidelines on Prevention and Treatment of Dyslipidaemia in Adults, patients were considered to have: High-TC (hypercholesterolemia) if serum levels were ≥ 6.22 mmol/L and borderline high if levels were between 5.18 and 6.19 mmol/L; High-TG (hypertriglyceridemia) for levels ≥2.26 mmol/L and borderline high for levels between 1.70 and 2.25 mmol/L; High-LDL-C for levels ≥4.14 mmol/L and borderline high for levels between 3.37 and 4.12 mmol/L; Low-HDL-C for levels <1.04 mmol/L.
Statistics
Continuous variables were expressed as the means ± standard deviations (SD) and analysed with independentsample t-tests. Categorical variables were expressed as a percentage of the number and analysed with a chi-square test. Multivariate logistic regression was used to evaluate the effect of serum lipids on lumbar disc degeneration. Effect indicators were odds ratio (OR) and 95 % confidence interval (CI). SPSS (Version 17.0; Chicago, IL, USA) was used for all statistical analyses. All of the above tests were bilateral, and P < 0.05 was considered to be statistically significant. Additionally, power calculation was performed in both groups with PASS software.
